The occurrence of aortic dissection involving a right-sided aortic arch (RAA) is extremely rare. Majority of the symptomatic cases have been managed with open surgical treatment. However, middle-aged and elderly patients with coexistent comorbidities have higher postoperative risks if managed by surgery. The purpose of this case study is to review the literature for occurrence and treatment modalities for RAA with dissection, to review the various literature studies which have helped establish a consensus and guidelines in the management of aortic dissections, to review previous reported cases of successful endovascular management of RAA dissections, and to report our experience of treating a case of Stanford Type B right-sided aortic dissection managed by complete endovascular approach, the first of its kind in India. Our search in the databases revealed around 32 cases of RAA with aortic dissection published in the literature, most of which have been treated with open surgical approach; however, very few cases are managed with endovascular approach only like in our case.
Introduction
The occurrence of right-sided aortic arch (RAA) is very rare among general population, with approximately 0.1% incidence. [1] RAA is usually asymptomatic unless complications such as aneurysmal dilatation or dissection occur. The incidence of aortic dissection among the persons with RAA is extremely rare. Our search in the databases revealed around 32 cases of RAA with aortic dissection published in the English literature.
Majority of the symptomatic cases have been managed
with open surgical management. Risk of rupture of aortic aneurysms is more in older patients, but advanced age is linked to higher operative risks, especially with open surgical repair. The associated complications of open surgery include lower extremity paralysis, stroke, and mortality. With the advent of newer modalities in the interventional radiology, use of an alternative management using endovascular aortic stenting is increasing as studies have shown reduced complications, Review Article especially in middle-aged and elderly patients with comorbidities. [2, 3] The objective of this case study is to review the literature for occurrence and treatment modalities for RAA with dissection, to review the various literature studies which have helped establish a consensus and guidelines in the management of aortic dissections, to review previous reported cases of successful endovascular management of RAA dissections, and to report our experience of treating a case of Stanford Type B right-sided aortic dissection managed by complete endovascular approach.
Design of study
This case study was performed by gathering data from literature about the various reported cases of RAA with dissection. There were 32 cases of RAA with dissection reported in literature. The data were analyzed for age and gender preponderance, type of the RAA, type of dissection, presentation of patient, and treatment modality. Out of the 32 cases, 26 cases were managed with open surgical approach and they required a cardiopulmonary bypass, either partial or complete, and hypothermia. Only four cases were managed by endovascular approach, while in one case, a hybrid procedure is followed comprising two-stage open surgery and endovascular treatment. There is increasing number of successful endovascular treatments reported in literature in the recent decades in keeping pace with the changing trends and recommendations in the medical fraternity.
We also report a case of complete endovascular management of acute Type B dissection in a 45-year-old male who had Type II RAA branching pattern with aberrant LSCA. This case report is probably the first of this kind from India demonstrating complete endovascular management of Type B dissecting aortic aneurysm involving aortic arch, descending thoracic aorta, and abdominal aorta up to the level of renal arteries by deploying endovascular stent graft.
A 41-year-old male patient came to our emergency room with chief complaints of worsening upper back pain and retrosternal chest pain of 3 days duration. The patient was a known hypertensive on regular medication. The subsequent clinical examination revealed normal vitals with blood pressure of 160/90 and nonspecific electrocardiography changes. Chest radiograph revealed widened superior mediastinum with a convex contour toward the right side [ Figure 1a ]. RAA was suspected and chest computed tomography (CT) was suggested. However, the patient did not comply and sought discharge against medical advice on with antihypertensive and analgesics prescription. Two days later, he came to emergency department with unresolving chest pain and hypertension (blood pressure of 160/100) and contrast-enhanced CT of the chest along with CT aortogram was performed. In view of refractory chest pain and hypertension with diagnosis of symptomatic acute RAA Type B dissection, the patient was scheduled for endovascular treatment with stent graft placement. Under general anesthesia, under all aseptic precautions, bilateral radial artery puncture, and right common femoral artery (rt CFA) cut down were done. Selectively, the true lumen of aorta was accessed from the left radial artery route and the wire was passed distally into abdominal aorta and was snared from the right femoral artery route, and using 6 F pigtail angiogram was done after placing another catheter from the right radial route into right subclavian artery. Digital subtraction angiography confirmed dissection and showed early filling of true lumen and delayed filling of enlarged false lumen with communication at two levels, one in arch just distal to right subclavian artery origin and another distal to LSCA origin [ Figure 3 ]. From rt CFA cut down, Valiant Captivia Stent graft (Medtronic) 30 mm × 150 mm was taken across the dissection in arch and placed just beyond the right subclavian artery, and stent graft was deployed starting just from the caudal to the right subclavian artery origin for a length of 15 cm. Blood flow into intimal tear was thus eliminated. Check angiogram showed good apposition of stent margins to aortic wall with minimal Type I endoleak proximally and normal filling of the right subclavian artery. The right femoral artery cut down was then sutured. There was no hematoma at the site and distal pulses were well felt. Bilateral radial artery sheaths were removed, hemostasis was achieved, and patient was shifted to recovery room. No immediate postprocedure complications were noted. Minimal Type I endoleak immediately after procedure was well managed.
The patient was kept under observation in the ward for the next 2 days and was discharged with proper medical advice. The patient has shown excellent recovery during the follow-up period. Follow-up imaging after 2 months performed revealed interval reduction in size of the false lumen with patent stent and no significant endoleak as seen in Figures 4-6 .
Discussion
Fioratti and Aglietti first described about RAA. The aortic arch develops during the 3 rd gestational week from six branchial arch arteries. The right fourth branchial arch artery normally regresses and the left arch artery forms the left-sided aortic arch. RAA anomaly occurs if the right fourth branchial arch artery persists while the left fourth branchial artery regresses. [34] Laura Knight and Jesse Edwards classified RAA into three types. [35] In Type I or mirror image branching, the left innominate, right carotid, and right subclavian arteries arise from aortic arch in that order from left to right. In Type II RAA, LSCA has an aberrant origin either arising as the last branch of RAA directly or from an aortic diverticulum called Kommerell's diverticulum. In Type III RAA with isolated LSCA, the LSCA arises from/is connected to the left pulmonary artery via ductus arteriosus. Type I pattern of RAA is the most common type with incidence of 59% than Type II (39.5%) or Type III (0.8% incidence). [36] In our case, we see a Type II RAA.
Aortic dissection was first classified by DeBakey in 1965 according to the site of involvement -Types I and II involve the ascending aorta. Type I involves ascending aorta and arch and can extend to the descending aorta, sometimes even up to the iliac arteries. In Type II, dissection is limited to the ascending aorta while Type III is descending aortic dissection which begins distal to the LSCA; Type IIIa type is limited to above diaphragm and Type IIIb extends below the diaphragm. A simpler classification was later proposed by Stanford which is more routinely used now -Type A involving the ascending aorta with or without involvement of descending aorta and Type B in which the ascending aorta is not affected. Stanford Type A is equivalent to DeBakey Types I and II, and Stanford Type B is equivalent to DeBakey Types IIIa and IIIb. Approximately two-third of cases of acute aortic dissection are Type A, and the rest are Type B. [37] Aortic dissection can be acute (presenting within 2 weeks after the initial onset of symptoms), subacute (2-6 weeks), and chronic (>6 weeks). Almost 30% of patients have chronic aortic dissection. However, in cases of RAA, Type B dissection is more common as per our literature review.
Occurrence of RAA with aortic dissection has been reported in 41% of patients having Type II pattern with aberrant LSCA. [36] Bodine et al. suggested that Type B dissection is more common than other types of dissection in patients with RAA as a result of vessel wall damage caused by the sudden change in direction of blood flow in right-sided arch due to shorter radius and more acute curvature compared to the usual gentle curve of the left aortic arch. [3] Cinà et al., in a review article of 32 cases of RAA with subclavian artery aneurysm as reported in literature, documented that 12 patients presented with aortic dissection and 2 patients presented with rupture. Surgical repair was performed in 29 patients. [36] A variety of clinical trials published in literature have reported success with endovascular therapy; however, controversy and confusion still exists regarding the overall efficacy of endovascular treatments. The trials have reiterated that operative mortality and complications such as paraplegia are significantly lower with improved survival in the endovascular group compared with the open surgical group. [38] [39] [40] The strongest factor associated with postoperative success is spinal cord ischemia which is related to extent of the disease. [41] Investigation of stent grafts in patients with Type B Aortic Dissection (INSTEAD) trial which is a prospective, randomized, controlled clinical trial that compares stent graft treatment of uncomplicated chronic Type B dissection with optimal medical therapy alone is still underway and reports are awaited. [42] Severe chronic obstructive pulmonary disease predisposes to thoracic aortic aneurysm rupture and is also a risk factor for open surgery. For older patients above 75 years of age, stent grafting is associated with lower morbidity and mortality than open surgical repair. [38] Not only does the hospital stay gets reduced but also recovery is faster, thus reducing the postoperative complications associated with prolonged hospital stay in open cardiovascular surgeries. This is especially true in Type B thoracic aortic dissections and abdominal aortic dissections in middle-aged and elderly patients with associated comorbidities.
The first successful stent grafting of patients in acute Type B aortic dissection was reported by Dake et al. in Stanford in 1999. [43] Okada et al. had performed endovascular repair in a 76-year-old male with an aneurysm involving RAA. [44] Yamazaki et al. first reported a successful stent-graft treatment in a 56-year-old male suffered from Type B aortic dissection involving an RAA. [19] Nomura et al. have reported two cases of thoracic aortic aneurysm with an RAA and right-sided descending aorta treated with thoracic endovascular aortic repair. [45] 
Role of endovascular treatment in acute Type B dissection
Complicated acute Type B dissection is characterized by either refractory acute chest pain despite proper medical therapy with negative ionotropic/antihypertensive agents or acute enlargement of false lumen or contained mediastinal hematoma or visceral, renal, or limb ischemia (malperfusion syndrome). These patients require emergency intervention by surgery or endovascular approach. [46] The Stanford Cardiovascular Surgery and Interventional Radiology Group recommends emergency endovascular stenting in acute Type B (or retro-A) aortic dissection with life-threatening critical complications such as trunk or limb malperfusion caused due to compressed true lumen; aortic rupture or impending rupture; and refractory chest pain or uncontrollable severe hypertension as endovascular management can be lifesaving in these conditions and helps in stabilizing the patient. Endovascular technique has been shown to be successful particularly in acute Type B dissection. Surgical treatment is preferred in case of intramural hematoma or aortic leak resulting in large para-aortic mediastinal hematoma. [47] The principle of endovascular stenting in aortic dissection is that coverage of primary intimal tear by stent graft obliterates blood flow into the false lumen, thus relieving the compression of true lumen. Subsequent thrombosis of false lumen aids in aortic remodeling. Sometimes, in acute dissection, the endovascular stenting may not eliminate all blood flow from the false lumen, but coverage of primary intimal tear helps to relieve the malperfusion. Even partial thrombosis of the false lumen helps in the reduction of aortic diameter, thus preventing rupture. By excluding antegrade or retrograde flow into false lumen, stenting thus helps to prevent early and late complications. [38, 47] According to guidelines by the Society of Thoracic Surgeons endovascular task force, stent grafting is a safe therapeutic option for high surgical risk patients with subacute or chronic aortic dissection who have:
• A patent false lumen and an identifiable, proximal entry tear which can be covered by stent graft placement • Maximum thoracic aortic diameter of 5.5 cm or more • Documented increase in aortic diameter of >1.0 cm within 1 year • Resistant hypertension in spite of antihypertensive treatment associated with a small true lumen or renal malperfusion • Recurrent episodes of refractory chest/back pain not caused by other conditions. [38] All symptomatic dissecting aneurysms need to be treated irrespective of the size; provided there are no other contraindications as symptoms often herald rupture. Complicated acute Type B aortic dissections are associated with >50% mortality risk and patients require emergency endovascular or open surgical treatment. [38] A meta-analysis performed by Eggebrecht et al. involving Type B (96%) and retrograde Type A (4%) aortic dissection has revealed 98% success with endovascular treatment with low mortality of 5%. [48] In another study done by the EUROSTAR and UK Thoracic Endograft Registries, procedural success was achieved in 89% of cases, while in 11% cases, there was either incomplete coverage of the entry tear, persistent flow with only partial thrombosis of the thoracic false lumen, no expansion of the true lumen, or endoleaks with drastically reduced incidence of postprocedural neurological complications such as stroke or paraplegia and reduced mortality. [49] These studies have demonstrated that stent graft treatment of Type B dissection is feasible, with high technical success rates and acceptable short-term outcomes. Endovascular treatment can be used to treat most complications and it avoids the major trauma of open surgery associated with surgical management.
Role of endovascular treatment in subacute and chronic dissection
Nienaber et al., in a comparative trial of stent grafting versus open surgery in 24 patients with subacute or chronic aortic Type B dissection, have shown that stent grafting was successfully performed in 12 patients with no morbidity or mortality while adverse outcome was noted in 12 surgically treated patients with 4 deaths and 5 developing serious complications within 12 months. They suggested that endovascular stenting might be a safer procedure in selected patients with subacute/chronic dissection. [50] Complications of endovascular stenting in symptomatic patients with subacute and chronic dissection (presenting before 8 weeks from symptom onset) are low compared to cases of acute dissection as blood flow in segmental arteries arising from the false lumen is not eliminated due to retrograde flow up the false lumen. However, efficacy of stenting in chronic dissection of more than 8 weeks is controversial as the intimal flap may be fibrosed and not pliable; hence, surgery may be better option in these patients. [38] 
Role of endovascular treatment in right aortic arch dissection
Use of endovascular treatment in RAA aneurysm or dissection helps to avoid thoracotomy or median sternotomy and avoid cardiopulmonary bypass or circulatory arrest, which is required for open surgical approach. Compared to a left-sided aortic arch dissection, surgical treatment of RAA dissection faces technical difficulties as usually RAA is associated with aberrant LSCA with/without retroesophageal aortic (Kommerell's) diverticulum which is frequently involved in dissection. Further, as Type B dissection is more common with involvement of the descending aorta, surgical approach is difficult and requires bilateral thoracotomy. However, with advent of endovascular stenting which is a noninvasive procedure, complications are less. [19] Furthermore, if the aortic dissection entry point is beyond the aberrant LSCA origin, it is easier to do endovascular stenting as we get an adequate landing zone and obviates the need of a left subclavian-carotid bypass. [30] 
Role of endovascular treatment in acute Type A dissection
Endovascular treatment of acute Stanford Type A dissection is generally not recommended by experts and is controversial. However, Kato et al. have achieved successful endovascular stent repair in 10 patients of retrograde Type A dissection where the primary intimal tear was located in the descending aorta with retrograde involvement of the ascending aorta with no clinical evidence of cardiac tamponade or severe aortic regurgitation and have achieved entry closure and complete thrombosis of the false lumen of the ascending and descending aorta with no mortality or rupture even after a mean follow-up of 20 months. [51] Sato et al. have performed hybrid surgical and endovascular treatment of acute Type A aortic dissections with the primary tear located in the ascending aorta. [27] 
Role of hybrid surgical and endovascular procedures
Sometimes, in patients with Type B aortic dissection, the proximal entry tear is located around the LSCA origin. In these patients to achieve complete closure of primary tear by endovascular stenting, the proximal landing zone in the aortic arch must be secured by hybrid surgery. This hybrid procedure involves combined use of surgical procedure with endovascular stenting for securing landing zone and reconstruction of aortic branches. Svensson has experimented with elephant trunk procedure for aortic arch aneurysms which allows proximal anchorage of stent grafts or subclavian artery transfers for aberrant subclavian artery and secures positioning of stent grafts in the distal aortic arch. [52] Chiesa et al. have also reported about a one-stage hybrid surgical and endovascular procedure for RAA aneurysm with anomalous origin of the supra-aortic vessels where complete surgical rerouting of the supra-aortic vessels was performed, later followed by stent grafting. [53] Hybrid treatment is specially required in patients with multisegmental thoracic aortic dissection, in which otherwise a two-step surgical treatment is required involving arch replacement in the first step and open descending repair in the second step. [38, 52] 
Recommendation for management of intrathoracic aortic dissections
Decision about the type of management of aortic dissection should be made depending on the patient's age, comorbidities, clinical experience of performing surgeon and interventional radiologist, and the availability and cost of the surgery/endovascular therapy. Hybrid procedures comprising one stage or two-stage stent graft and open surgical procedures should be considered to tackle the disadvantages of the either procedures if performed in isolation.
Expert consensus from the American Society of Cardiology [54] have finalized the following guidelines and recommendation for management of patients with aortic dissection:
• Endovascular interventions are useful in Stanford Type B acute dissections particularly if the patients' comorbidities make it a high-risk case for surgical intervention • For Stanford Type A dissection involving ascending aorta, surgery is better as it allows resection of involved dissected portion with total or partial repair and grafting • In the presence of intimal defect without intramural hematoma in ascending aorta, emergency surgery is recommended while endovascular stenting is preferred in descending aorta involvement. In the presence of intimal defect with intramural hematoma in ascending aorta, patient needs to be stabilized first and definitive treatment delayed until hematoma resorbs. Once patient is stabilized, endovascular treatment is preferred in descending aorta involvement • In asymptomatic patients with descending thoracic aortic aneurysms <5 cm who have very low risk of rupture, it is recommended that endovascular stenting need not be performed until other indications apply such as malperfusion syndrome, risk of aortic rupture, refractory chest pain, or uncontrollable severe hypertension despite medical therapy • Elective procedure either open surgery or endovascular treatment needs to be performed when maximum orthogonal aortic diameter is >5.5 cm even in an asymptomatic patient • Endovascular stenting of saccular aneurysms is ideal as they are localized aneurysms and aorta cephalad and caudal to the aneurysm is usually normal providing a good landing zone for the stent graft.
Before performing thoracic aortic stent grafting, CT angiogram must be carefully reviewed to evaluate for (i) morphology of the aortic arch, (ii) site of origins of main aortic arch branches with respect to superior margin of the aneurysm, (iii) tortuosity/and ectasia of the descending aorta along its entire length, (iv) site of mesenteric vessel origins relative to the inferior margin of the aneurysm, (v) comparative diameters of proximal and distal landing zones, (vi) tortuosity and diameter of the iliofemoral arteries, and (vii) presence of graft in abdominal aorta. In cases where graft needs to cover the LSCA origin, bilateral vertebral arteries and basilar artery should also be evaluated. [55] Problems associated with endovascular treatment
• Complications of endovascular treatment.
Problems during procedure: Stent graft migration or torsion, complications related to size of the stent graft, presence of occult intimal tear in the descending aorta, Type I endoleak.
Problems during follow up: Post implantation syndrome, neurological complications, persistent Type I endoleak, Type II endoleak, progressive aneurysm, new intimal tear or mechanical failure of the stent graft. [56] • Cost of endovascular treatment: high cost as compared to surgery prevents more widespread use especially in developing countries.
Regardless of whether surgical or endovascular treatment method was used, if residual dissection remains, then the patient can develop late aneurysmal degeneration and rupture of the false lumen. Hence, these patients require serial follow-up imaging, regular blood pressure monitoring, and negative inotropic medical therapy. Follow-up study is required for at least 3-5 years to look for endoleak and stent dislodgment or migration as aneurysms can increase in length causing kinking or foreshortening of stent. [38] 
Summary
The management of acute aortic dissection involves either open surgical approach or endovascular approach with stent graft placement. However, with advances in interventional radiology, endovascular approach is sought more often. Various studies have reiterated the fact that endovascular approach in case of aortic dissection is feasible with fewer complications and reduced morbidity and mortality and better outcomes as compared to the open surgical approach, especially in elderly or patients with comorbidities. This is especially true with right aortic dissections where Type B dissection is more common with associated aberrant LSCA with/without Kommerell's diverticulum causing technical difficulties for open surgical approach.
We have reported our experience of treating acute complicated Type B dissection in a 45-year-old male who had Type II RAA branching pattern associated with aberrant LSCA. This case report is first of this kind from India demonstrating complete endovascular treatment of Type B dissecting aortic aneurysm involving aortic arch and descending aorta and abdominal aorta up to the level of renal arteries by deploying endovascular stent graft. We were also successful in avoiding a left subclavian-carotid bypass in a dissection involving arch and descending aorta with two entry points of intimal tear, one of which located distal to the right subclavian artery origin would have otherwise required bypass if treated surgically.
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